This study aimed to elucidate the clinical and prognostic characteristics of a homogeneous group of patients with cancer of unknown primary (CUP). Between 1999 and 2014, CUP was diagnosed in 159 (1.3%) of 11,742 cancer patients at Trakya University Hospital (Edirne, Turkey). Ninety-seven (61%) of the 159 patients were retrospectively reviewed. Among these, 61 (62.8%) patients with adenocarcinoma were included in this study. The most frequently predicted primary tumor site was the lung (37.7%), and 59% of the patients were smokers. There was a significant relationship between smoking and the lung as a potential primary cancer site (p = 0.042). The most frequent site of metastasis was the liver (60.7%). The median number of metastases per patient was two, but patients with liver metastases had a median of five metastases. The overall median survival time was 7 months. Median survival was significantly longer in patients with a predicted primary site than in patients without the predicted site (7 vs. 6 months, respectively; p = 0.038). When the patients with predicted ovarian and peritoneal tumors were excluded from the comparison, the statistical p value was still close to significant (p = 0.07). Multivariate analysis revealed that smoking, liver metastasis, serum alkaline phosphatase ≥92 U/L, and progression in response to chemotherapy were independent predictors of a poor prognosis. The present study identified several independent prognostic factors in patients with unknown primary adenocarcinomas who received chemotherapy. Smoking, the presence of liver metastasis, and response to chemotherapy were independent risk factors for both progression-free and overall survival.
INTRODUCTION
Cancers of unknown primary site (CUP) account for 2-10% of the 10 most common malignancies in both sexes [1] . The clinical definition of CUP is a histologically confirmed metastatic cancer for which a thorough medical history, careful clinical examination, and extensive diagnostic work-up failed to detect the primary tumor [2] . Despite many retrospective analyses and studies of patients with CUP, and despite recent advances in molecular immunochemistry and imaging technologies, definitive conclusions regarding the diagnosis and therapy of patients with CUP cannot be easily made because of the heterogeneity of the tumors [3] [4] [5] . However, these tumors carry a unique natural history, which includes characteristics such as early dissemination, clinical absence of a primary tumor, unpredictable metastatic pattern, and aggressive biological and clinical behaviors [6] . Adenocarcinomas represent the largest proportion of CUP [3] . Because a separate analysis of adenocarcinomas would provide a more homogeneous patient population, it may give more definite conclusions regarding the course and treatment options for CUP.
To identify prognostic and clinical factors associated with CUP, in this study we analyzed only patients who were histopathologically diagnosed with well-differentiated or moderately differentiated adenocarcinoma and who received chemotherapy.
MATERIALS AND METHODS

Study design and population
The retrospective study was approved by the Institutional Ethical Committee and thus meets the standards of the 
Parameters evaluated
The World Health Organization response evaluation criteria were used to assess the responses in the patients with metastases. Complete response was defined as complete disappearance of all tumor lesions for at least 4 weeks from the date of documentation of a complete response; partial response was defined as a decrease of 50% or greater, relative to baseline, in the sum of the products of the two longest perpendicular diameters of all metastases; stable disease was defined as failure to meet the criteria for complete or partial response and the absence of progressive disease; and progressive disease was defined as an increase of at least 25% in the sum of the products of the two longest perpendicular diameters of all "index" lesions.
Statistical analysis
Progression-free survival (PFS) was determined as the period from the date of diagnosis until tumor progression or until the death before the response was evaluated. Overall survival (OS) was measured from the time of the initial histological diagnosis of malignant disease until death. SPSS 15 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Estimates of survival distribution were constructed using the Kaplan-Meier method. The significance of differences between survival curves for different patient subgroups was evaluated with the log-rank test. Cox regression analysis was used to examine whether factors with p < 0.15 were independent prognostic factors. Multivariate analysis was used to determine which factors with p < 0.15 were independent variables associated with recurrence. Correlations between non-parametric variables were assessed by the chi-square test.
Intergroup comparisons of parametric variables were made using Student' s t-test.
RESULTS
Demographic and clinical characteristics
Altogether, 35 males (57%) and 26 females (43%) with a mean age of 57 ± 10 years were included in the analysis. The mean laboratory values for the patients were: Hb, 11.5 ± 2.3 g/dL; thrombocyte count, 313,000 ± 150,000/mm³; Alb, 3.4 ± 0.7 g/dL; LDH, 421 ± 324 U/L; and ALP, 220 ± 178 U/L. Among these patients, 42.6% were lifelong non-smokers. The mean smoking rate among the patients who smoked was 36.9 ± 17.3 packs/year, with a median of 33 packs/year and range of 10-100 packs/year.
Adenocarcinoma characteristics
The most common site of metastasis was the liver (60.7%), followed by bone (32.8%), lungs (26.2%), brain (24.6%), peritoneum (22.9%), lymph nodes (13%), pleurae (9.8%), skin (4.9%), adrenal glands (3.3%), kidneys (1.6%), and spleen/ovaries (1.6%). The median number of metastasis sites per patient was two (range, 1-5). The most common combination of metastases was lung and liver (14.7%). The median number of liver metastases was five (range, 1-6).
Fourteen patients (23%) had no predicted primary site based on the clinical, radiological, and histopathological information. The lungs were the most frequently predicted primary site among the other 47 patients. There was a significant relationship between smoking and the lungs as a predicted primary site (p = 0.042). Table 1 shows the first-line chemotherapy agents received by the patients. In 14 patients (22.8%), cis-platinum and 5-fluorouracil were the most commonly used chemotherapy agents. The distribution of the patients' responses to the first-line chemotherapy was as follows: one complete response (1.6%), four partial responses (6.6%), 22 cases of stable disease (36.1%), and 
Survival
The median follow-up was 7 months. The median PFS was 5 (1-26) months, and median OS was 7 (1-38) months. For the patients who had complete/partial responses after chemotherapy, the median PFS and OS were 14 (7-20) months and 18 (11-27) months, respectively. For the patients with stable disease, the median PFS and OS were 10 (4-26) months and 16 (6-38) months, respectively. The patients with progressive disease had the median PFS and OS times of 2 (1-21) months and 4 (1-22) months, respectively. Both the PFS and OS were significantly shorter in the patients with progressive disease than in those with complete/partial responses or stable disease (p = 0.0001). The survival time did not differ significantly between the patients with a response and those with stable disease after chemotherapy (p = 0.78).
Prognostic factors
The results of univariate and multivariate analyses are shown in Tables 2 and 3 . In the univariate analysis, a short PFS was related to smoking, liver metastasis, anemia (Hb, <11 g/dL), high ALP (>92 U/L), and disease progression following chemotherapy. The multivariate analysis of the factors with p < 0.15 revealed that smoking, anemia, high ALP, and disease progression after chemotherapy were significant independent predictors of the PFS (Table 2 ). In the univariate analysis, the factors associated with shorter OS were smoking, liver metastasis, anemia (Hb, <11 g/dL), high ALP (>92 U/L), high LDH (>560 U/L), and disease progression following chemotherapy. The subsequent multivariate analysis showed that smoking, liver metastasis, high ALP, and disease progression following chemotherapy were significant independent prognostic factors for the shorter OS (Table 3) .
Predicted primary sites were not included in the multivariate analysis because they could not be proven; however, the results of a univariate analysis considering predicted primary sites are given in Table 4 . The median survival of the patients with and without predicted primary sites were 7 and 6 months, respectively (p = 0.038). When the patients with predicted ovarian and peritoneal tumors were excluded from the comparison, the survival time still tended to be different, but not significantly different (p = 0.07).
DISCUSSION
Further studies of CUP are necessary given that this type of carcinoma arguably represents the most heterogeneous group of cancers under a single title and has an aggressive course and resistance to various treatments [7] . Classification and analysis of more homogeneous subgroups of patients with CUP would allow better interpretation of treatment and prognostic factors. Our study analyzed patients who had well-differentiated or moderately differentiated adenocarcinomas, which is the most common cancer in patients with CUP, and who had received systemic chemotherapy (62% of the CUP patients).
The chemotherapy rate in the present study is in agreement with previously reported rates for systemic chemotherapy in CUP patients (30% to 66%) [1, 4, [8] [9] [10] . Previous studies have reported an equal proportion of male and female patients diagnosed with CUP, whereas our study found a higher proportion of male patients (59%). This may be attributable to a significantly higher smoking rate in our male patients (80%) than in the female patients. In some studies, female sex was a potential prognostic factor [1, 3, 11] ; however, the OS and PFS did not differ between the male and female patients in the present study. While some studies have shown a correlation between age and prognosis in patients with CUP [1, 4, 9, [12] [13] [14] ; other studies have shown no correlation between these two factors [15] [16] [17] [18] . These variable results may be due to heterogeneous patient populations. The age was not identified as a prognostic factor in the present study, which included a more homogeneous population of CUP patients with adenocarcinomas.
Trivanovic et al. [15] reported that smoking was not in correlation with survival but Hainsworth et al. [14] found that it was a favorable prognostic factor. In the present study, smoking was a prognostic factor for both the PFS and OS. The high number of patients with predicted primary lung tumors or lethal comorbidities due to smoking in our study may be the underlying cause of this finding.
The liver, bone, and lung were dominant visceral sites of metastasis in the present study. The metastasis site frequencies in our patients were similar to those reported previously, except for the lymph node metastasis rate, which was lower than the rates reported for CUP patients with all histological types of the cancer [1, 10, 19] . The lower lymph node metastasis rate in the present study may be due to the fact that our study did not include patients with squamous cell or less differentiated adenocarcinomas, which are more frequently associated with lymph node metastases. In the present study, no meaningful correlation was found between the higher number of metastasis sites and survival, similarly to the studies that included only CUP patients with unfavorable prognoses [15] [16] [17] .
Our study found no relationship between the OS and number of liver metastases or the number of metastasis sites. Only the presence of liver metastasis was found to be an independent risk factor. This suggests that the presence of metastasis in the liver, rather than the number or burden of metastases, was a predictive factor in CUP. Similarly, in studies by Trivanovic et al. (15) and Culine et al. (16) in which favorable patients were excluded, the number of metastasis sites was not correlated with the survival, while the presence of liver metastasis was an independent prognostic factor. However, Pasterz et al. (18) reported that performance status and the number of metastasis sites were correlated with survival. These contradictory findings may be best explained by the heterogeneity of clinical presentations and treatments in addition to histological heterogeneity among the studies. Anemia is linked to advanced-stage cancer, and many factors in addition to the primary cancer can contribute to the development of anemia. In the present study, anemia was a prognostic factor for both the PFS and OS; however, in the multivariate analysis, the correlation of anemia with OS was not observed, while the correlation with PFS continued to be significant. Lack of the correlation may be attributable to the limited number of patients as well as to the finding that anemia is not an independent prognostic factor. Anemia was also not an independent risk factor in studies by Trivanovic et al. [15] and Seve et al. [10] , who investigated prognostic factors in an unfavorable patient group.
The albumin level has been reported to have a strong correlation with the prevalence and burden of cancer [10, 18] . In contrast, the albumin level was not an independent risk factor for the PFS or OS in the present study. This finding suggests that our patients had fewer factors associated with a decreased albumin level, which would be consistent with the stable overall condition and performance status of the patients included in our study.
In the present study, the OS duration was significantly longer in the patients with LDH levels <560 U/L than in patients with higher LDH levels. However, according to the multivariate analysis, the LDH level was not a statistically significant independent risk factor. The LDH level was found to be an independent prognostic factor in some studies [10, 12, 15, 16] , however, other studies demonstrated the opposite result [18] . The LDH level is correlated with tumor load and is also increased in liver diseases as well as in the processes of hemolysis and cellular damage, making LDH less specific for cancer prognosis in these patient groups.
In the present study, both the PFS and OS were statistically longer in the patients with ALP levels <92 U/L than in patients with ALP levels >92 U/L; in the multivariate analysis, the ALP level remained an independent risk factor for PFS, with borderline significance. ALP may be an indirect indicator of liver metastasis or of aggressive pancreatic or hepatobiliary cancers. The ALP level was a prognostic factor in some studies but not in others, possibly reflecting the heterogeneity of the patient populations [16, 18, 19] .
The proportions of patients with complete and partial responses to chemotherapy in the present study were similar to those reported in the literature [14, 17, 18, 20, 21] .The response to chemotherapy showed a strong correlation with the PFS and OS, although the survival time did not differ significantly between the patients with a response and those with stable disease after chemotherapy. The choices of chemotherapeutic agents were based on the predicted primary site and were similar to those in the literature [9, 22, 23] . Platinum plus 5-fluorouracil and platinum plus taxane were the most commonly administered combinations. Recently, novel therapeutic approaches based on molecular profiling of CUP, have been proposed. Thus, Gatalica et al. [24] showed that extensive biomarker profiling of CUP using immunohistochemistry, gene sequencing, and in situ hybridization methods identified biomarkers associated with a drug benefit in 96% of the cases. Identification of biomarkers that predict drug response may provide more precise drug selection and consequently improve the survival of the patients with CUP.
The survival time was longer for the patients with than without predicted primary sites in the present study. When the patients with predicted ovarian and peritoneal tumors were excluded, the survival time still tended to be different, but not significantly. Thus, among the patients with unfavorable well-differentiated and moderately differentiated adenocarcinomas, the survival did not differ between those with and without predicted primary sites. This finding suggests that the identification of primary sites may not be necessary or cost-effective.
CONCLUSION
The number of patients in the present study is not lower than the numbers in many other reported studies; the chemotherapy regimens were not uniform, making it difficult to compare the efficacies of specific drugs. The variation in treatment regimens reflects a lack of standard treatment guidelines for unfavorable CUP patients.
In conclusion, the present study identified several independent prognostic factors in patients with unknown primary adenocarcinomas who received chemotherapy. Smoking, the presence of liver metastasis, and response to chemotherapy were independent risk factors for both the PFS and OS.
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